Analysis of the flow over automobiles using Computational Fluid Dynamics (CFD) was initially introduced in F1 racing event which helped in modifying the design of the racing cars to get the maximum down force and least possible drag. Later this method of analysis was used in different segments of cars to optimize the design, so that, improvement in the fuel-efficiency and other performance parameters was achieved. This presentation will highlight the analysis of flow over a convertible; it involves comparison of the coefficient of drag for two configurations of the convertible-with the roof and without the roof. The work involves creating a 3D model of the convertible and meshing it using Gambit. Next step is importing it in FLUENT and analyzing the flow using k-epsilon turbulence model.
INTRODUCTION
For a moving vehicle, drag refers to the forces that oppose the relative motion of the vehicle through air. The measure of these forces is the coefficient of drag which is a dimensionless quantity. The coefficient of drag and the drag forces are in directly proportional to the speed of the vehicle. In our paper, we will conduct the analysis of flow over a car with two configurations; one with the roof and the other without one. Flow of air near the body is modeled using the relationship between the pressure and velocity expressed by Bernoulli For the present paper we have chosen two simplified models with same major dimensions. The reference values of length, height and breadth are taken from the internet. After collecting all the dimensions, the models were created using Autodesk Inventor software. These models were meshed using Gambit. The following figures show the models that were created: There are two ways to analyze the models to study the aerodynamic behavior of the car-wind tunnel and numerical simulations. Because of its proven efficiency and financial reasons, the latter one is preferred. As mentioned before, preprocessing of mesh generation was done in Gambit and processing was done in Fluent.
Numerical Simulation Methods
The governing equations based on conservation of mass, momentum and energy are solved for each of the element. Fluent uses finite volume method to solve the governing equations. The flow is said to be turbulent when all the transport quantities, mass, momentum and energy exhibit periodic, irregular fluctuations in time and space. There are a lot of solution methods or models available in Fluent. Based on required accuracy, available hardware resources and computational time, the model is to be selected. We have used the k-epsilon turbulent model for our analysis, since, it's very commonly used. It's semi-empirical, two equation based model, which means that it includes two extra transport equations to represent the turbulent characteristics of the flow. The first transported variable is the turbulent kinetic energy k and the other is the turbulent dissipation Ɛ (epsilon). Ɛ determines the scale of turbulence and k determines the energy involved in turbulence.
The transport equations for a standard k-epsilon model are:
In these equations, Gk represents the generation of turbulent kinetic energy due to mean velocity gradients. Gb is the generation of turbulent kinetic energy due to buoyancy. YM represents the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate. C1Ɛ, C2Ɛ and C3Ɛ are constants; σk and σƐ are the Prandtl numbers for k and Ɛ respectively. Sk and SƐ are user-defined source terms.
VIRTUAL WIND TUNNEL CREATION
After creating the basic shape of the car, we went on to create a virtual wind tunnel. It is a box shaped structure which encloses the car. The entrance of the wind tunnel is placed at a distance equal to the length of the car and this will be the face where air enters the wind tunnel. The exit of the wind tunnel is placed at a distance equal to five times the length of the car. This face represents the region where the air gets out of the wind tunnel. The width of the wind tunnel is almost equal to the length of the car. The mesh was generated in Gambit. There are 10 lakh elements in the mesh that was generated.
The figure below gives a good representation of the wind tunnel and the mesh generated: The exit part of the car which contains the rear part of the car is given a lot of space in order. This will make sure that the flow behind the car is completely captured, because, this is the region where the changes in the flow are expected to occur and results are obtained.
BOUNDARY CONDITIONS
The other boundary conditions are set as shown in the The Reynolds number thus calculated corresponds to turbulent flow. This justifies our use of kepsilon model for our simulation.
RESULTS
The following figures represent the velocity contours for both the configurations of the car at the mid-plane. As the air flows over the car hood, pressure is decreasing, but when it reaches the front windshield it briefly increasing. When the higher pressure air in front of the windshield travels over the windshield, it accelerates, which causes decrease in pressure. This lowering of pressure creates lift force on the car roof as the air passes over it. 
CONCLUSIONS
The pressure at the back of the car, in both the cases is higher than the front, which contributes into drag force, called form drag. Near the body of the car, a thin boundary layer exists, where the air speed is reduced to zero. If the boundary layer is attached to the car, then very low drag coefficient is obtained, but if the boundary layer separates, the drag coefficient usually increases (for the case of convertible with roof open).
